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ABSTRACT
The effects of perinatal risk and gestational age on sensory
responsiveness and the ability to habituate were evaluated in three
groups of preterm newborns designated as at high-, moderate-, and
low-risk for developmental disability. Two major hypotheses were
investigated: 1) that preterm infants have an elevated sensory
threshold leaving them relatively unavailable to stimulation and
2) that once the preterm is stimulated sufficiently to respond,
he/she is largely unable to habituate to repeated stimulus presenta-
tions. Additionally, the reliability of responsiveness and
habituation over a 24-hour period was assessed.
Cardiac and behavioral responses to repeated presentations
of a pre-recorded rattle stimulus were monitored while the infants
were in active sleep. The rattle series, consisting of 10 habitua-
tion trials, 1 dishabituation trial, and 4 additional rattle trials,
were presented to each infant twice, once at 85 and once at 75 db
on day 1. Order of stimulus intensity was counterbalanced within
each group. The dishabituation trial consisted of raising the head
of the baby f s bassinette by 3-4 inches and releasing it. On day 2,
each infant was again tested with the rattle series at the
intensity level which had been presented first on day 1.
Both the 85 and 75 db stimuli elicited reliable heart rate
accelerations in the low- and moderate-risk groups, but high-risk
neonates failed to show a significant heart rate response to either
intensity. All groups showed cardiac acceleration to the dishabi-
tuation stimulus, but the response pattern differed among groups.
For moderate- and high-risk prematures, response onset was delayed
and return to baseline was slower, compared to low-risk infants.
Additionally, a pattern of perseveration was observed in high-risk
infants.
In contrast to their cardiac responses, high-risk infants
showed general behavioral activity which was of comparable magnitude
to low-risk infants, both spontaneously and in response to stimulation.
However, moderate- and high-risk subjects showed consistently
fewer startle responses and a greater number of color changes than
low-risk babies. The behavioral data suggested that if the infants
did react to stimulation, the subjects at greater risk tended to
respond with diffuse physiological change, while low-risk infants
responded with discrete behavioral responses.
None of the groups showed consistent habituation to the
rattle stimuli. Most infants demonstrated limited behavioral
shutdown, while low-risk infants did show inhibition of phasic heart
rate responses in the 85 db condition
.
Only low-risk infants showed day-to-day reliability in
reaction tendency: when low-risk babies were rank-ordered by the
magnitude of their heart rate acceleration, their rank scores
correlated significantly over days.
These results indicate that perinatal risk in combination with
vi
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comprehenalve newborn exam, the Brazelton Neonatal ASses s„ent
Scales (Brazelton, 1973). This exam provides an extremely useful
framework in which neurological development, metabolic stability,
state regulatory functioning, and important orienting abilities and
social responsiveness are considered.
Taken together, these advances have lead to the view that
the young infant Is not a passive recipient of sensory input, but I
an active organizer of the external world. The organizing ability
may be as simple as falling asleep in the face of over-stimulation
or crying loudly until some caregiver removes the noxious situation.
At a later point in development the organization may involve the
exercise of a well-established schema on a novel object: witness
the 6-month old's skillful hand-to-mouth coordination. Even the
unborn fetus has a burgeoning repetoire of organizational capaci-
ties: she can find her thumb and suck, tuck herself into more
comfortable positions and move away from physical intrusions.
The human species is in fact somewhat unique in that it never
appears to move randomly; even its first movements exercise reflexiv
pathways that evidence themselves again postnatally (Humphrey, 1969)
The present project sought to better understand the
information-processing mechanisms available to the neonate whose
normal gestation has been terminated prematurely. We now know a
great dea] about normal newborn functioning—e.g., their ability to
habituate to repeated stimulation (Graham et al
. , 1968; Friedman,
1975), their ability to behaviorally orient to sound and sights
(Brazelton, 1973) and to change an existing response system in
order to adapt to some changed feature of the environment
(Sameroff, 1968; Krafchuk, Sameroff and Bakow, 1976). Yet careful
observation of the premature neonate's abilities to cope with the
external world has begun only recently.
Several studies have suggested that the prematurely born
infant experiences stimulation in qualitatively different ways
from the full-term healthy newborn. Specifically, the data indi-
cate that the preterm infant is hypo-responsive to stimulation.
Once such babies are stimulated sufficiently to react, they have
difficulty inhibiting those responses. Furthermore, these qualities
are exacerbated by illness.
Graham, Matarazzo, and Caldwell (1956) found that apparent
high sensory thresholds distinguish high risk from normal infants.
They observed that babies who had sustained anoxia, sepsis or other
trauma were less likely to respond to painful stimuli than were
control infants, and that such babies required greater intensities
of stimulation to elicit full responding.
Rose, Schmidt, and Bridger (1976) performed a carefully con-
trolled study of reactivity to tactile stimulation in preterm and
full term newborns. All babies were tested while in active sleep.
Using three different intensity levels of the tactile stimulus,
Rose found a general hypo-responsiveness in the preterm infant, even
in response to the most intense stimulus. However, while a
behavioral response was elicited in this condition the preterm
neonates failed to show a significant change in heart rate,
implying that the behavioral and autonomic systems were not
coordinated. Rose concluded that either the preterm is hypore- "
sponsive, or that the premature has an elevated sensory threshold,
typical of that described by Graham and her colleagues.
Other studies have found the preterm neonate is capable of
demonstrating complete responses but that such infants show limited
ability to habituate to repeated presentations of stimulation,
where habituation is indexed by the ability to inhibit cardiac or
behavioral responding.
Eisenburg, Coursin and Rupp (1966) compared the behavioral
responses of three groups of newborns designated normal, suspect
and high risk in a habituation/dishabituation paradigm. Those
newborns considered suspect on the basis of a neurological exam took
twice as long as the normal infants to habituate to a four-second
rising tone, presented at 77-80 db. The high risk infants failed to
reach the criteria of 10 successive suppression of responses after
70 to 100 trials, and remained aroused throughout the testing
period. Initial state was not specified; apparently no effort was
made to control for behavioral state at the onset or during the
course of testing. While the study also indicated an inability of
the at-risk infant to respond positively to environmental events,
one must be cautious about generalizing these results: the authors
were not clear about what constituted high risk and failed to control
for behavioral state. This study does tell Us that high risk
babies do not habituate when crying, a not very surprising result.
Martinius and Papousek (1970) examined habituation of an
optokinetic response in newborns, elicited by a flashing light
presented every 10 seconds. Sixteen of their babies were apparently
healthy, while three were slightly premature and another was the
product of a breech delivery. Testing was initiated in irregular
sleep, and continued until a complete response decrement occurred.
This meant that for many of the infants testing continued through a
state change into quiet sleep. The 16 healthy infants all showed
a suppression of the reflex, although there was wide individual
variation in the number of trials necessary for a complete
decrement. The four remaining infants did not show complete
suppression of the reflex for the entire bout of quiet sleep.
The authors concluded that their procedure might be a useful diagnos-
tic tool in the determination of risk status; however, their own
group of risk babies was too small to provide conclusive evidence
about the respective effects of prematurity and delivery trauma on
the process of habituation.
Field, Dempsey, Hatch, Ting and Clifton (1979) studied
habituation in two modalities in the term and premature neonate.
Using a relatively strong tactile and auditory stimulus, Field et
al. found comparable levels of responding between the two groups
of infants; however, only the term babies showed a significant
decrement of both heart rate and behavioral responses. While the
preterm group did show a behavioral shut-down to the stimuli, they
continued to show large heart rate accelerations over repeated
stimulus presentations. This study began testing while the
infants were in active sleep, so that efforts were made to control
for behavioral state.
A major problem with these studies has been the tendency
to treat prematures as if they were a homogeneous group. Thus,
babies who are the product of complicated pregnancies, difficult
deliveries, or who have suffered severe postnatal trauma are not con-
sidered separately from the premature whose perinatal history is
essentially uneventful. Such treatment is inappropriate: outcomes
tend to differ for the two populations (Douglas, 1960; Sostek,
Quinn and Davitt, 1980) and collapsing both together obscures those
characteristics that are the result of preterm birth or of sustained
illness and anoxia.
A second methodical problem is that babies of varying
gestational ages are massed into one preterm comparison group.
Several longitudinal studies have determined that the deleterious
effects of prematurity are greater as gestational age decreases
(Caputo and Mandel, 1970). Further, it is not at all clear that
gestational age should be the sole criterion for determining perinatal
insult. A more appropriate description should include both birth-
weight and gestational age (Lubchenko, Searls, and Brazie, 1972).
It is only within the past decade that attention has been given to
8born at 30 to 34 weeks gestation. One group, designated as high-risk,
had suffered substantial physiological insult, such as hyaline
membrane disease or prolonged bouts of apnea and bradycardia.
The second group, designated as moderate-risk, was of comparable
gestational age, but did not have more than transitory difficulty
adjusting to extra-uterine life.
A third group, designated as low-risk, was recruited for a
Gontrol comparison group. This group consisted of healthy babies
born at 36 to 38 weeks gestation. Such a sample was deemed a
more appropriate control comparison than a sample of term newborns
as the babies were of similar maturational age to the preterm groups
at the time when the babies were available for testing. Typically
the prematurely born infant is maintained in the hospital until
his/her medical problems have resolved and his/her weight has
increased to five or more pounds. This is usually accomplished by
the time the infant is 36 to 38 weeks conceptual age. What litera-
ture is available on the preterm newborn compares these babies with
newborns born at term, i.e., forty weeks gestation (Rose et al., 1976;
Field et al., 1979). Thus the control sample is usually 2 to 4
weeks more mature than the preterm group, making deductions about
differences between the groups' performances somewhat nebulous.
The present project contrasted the three groups 1 sensitivity
to auditory stimulation, and attempted to characterize the groups
1
reaction tendencies and their ability to modulate responding to
repeated stimulus presentations. Such basic sensory processing and
adaptive ability have important implications for how the young
preterm infant interacts in a social and inanimate world, and for
how the infant will approach new situations. Extremes in sensory
threshold and reactivity may help account for the attentional
difficulties, hyperactivity, and learning disabilities (Ayres, 1977)
frequently associated with prematurity. In addition, knowledge of
the preterm neonates' information processing ability may help us
to understand what are appropriate ways to care for such babies.
The three groups of premature neonates were tested in an
habituation/dishabituation paradigm on two separate days. The groups
represented healthy preterms, highly compromised preterms, and
normative age-matched control infants. Cardiac and behavioral
responses to a rattle stimulus, presented at two intensities, were
noted. The two stimuli represented a mild (75 db) and moderately
intense (85 db) stimulus.
Testing was repeated on a second day to provide a within-
subjects comparison of reactivity and habituation ability at two
points in time. Earlier work by Birns (1965), Escalona and Heider
(1959), and Clifton and Graham (1968) pointed to reaction tendencies
as being one of the few stable traits observable in the neonatal
period. Additional data suggested that initial reaction tendencies
showed reasonable continuity in their expression in later develop-
ment (Bergman and Escalona, 1949; Bell, Weller and Waldrop, 1977).
The present study sought to confirm that an infant who showed
large changes in response to stimulation would also be highly
responsive some 24 hours later.
In regard to habituation, several researchers have suggested
that habituation is a good indicator of CNS integrity (Martinius and
Papousek, 1970; Tronick and Brazelton, 1975; Field, et al., 19 79;
Friedman, 1975). It would appear that prior to the use of an
habituation procedure as an assessment one would want to know
whether or not habituation is a reliable construct within a given
infant. That is, if an infant demonstrated habituation on day 1
would he/she show the same ability on day 2. Without stability over
a brief period of time, the phenomenon of habituation becomes less
useful as an assessment technique, if not less interesting as a
process
.
Each infant was tested while in active sleep. Since the
early work of Hutt, Lenard, and Prechtl (1969) the importance of
considering state in the evaluation of infant behavior and
reactivity has become increasingly evident to developmentalists
.
To ensure comparability across subjects it is important to keep
behavioral state constant. Success in this task is insured by
choosing a frequently occurring state. The newborn spends most of
his/her time sleeping, and most of that sleep time is spent in active
sleep (Parmelee and Stern, 1972). Ashton (1973b) has found the
magnitude of responsivity in active sleep to be almost as great as
in alert states. This has been found to be the case for both
cardiac and behavioral responsivity (Telzrow, Tronick, and Matsumiya,
11
1979). m order to maximize one's chances of obtaining measures
across babies that are consistently within one state, the most
logical choice is to test all babies while in active sleep.
Cardiac activity was chosen for a dependent measure as this
response system has proven to be a useful index of information '
processing and is one which has been carefully studied in human
infants. Magnitude of cardiac acceleration has been shown to
increase as a function of stimulus intensity in the healthy full
term newborn (Bartoshuk, 1964). Further, measures of cardiac activity
in response to stimulation have been found to show some stability
over days in the neonatal period (Clifton and Graham, 1968) and
therefore are potentially useful for characterizing individual
differences in propensity to respond. Direction of cardiac change
has been associated with qualitative differences in receptivity to
environmental events, such that decelerative change indicates
efforts to augment environmental input while heart rate acceleration
is associated with motivated inattention to external events (Lacey,
Kagen, Lacey, and Moss, 1963; Graham and Clifton, 1966; Graham and
Jackson, 1970). However, directionality of cardiac change is con-
strained by state of the organism (Lewis, Bartels, and Goldberg, 1967;
Berg, Berg, and Graham, 1971; Campos and Brackbill, 1973; Pomerleau-
Malcuit and Clifton, 1973; Clifton, 1974, 1978; and Clifton and
Nelson, 1976) and for the present study, accelerative responses were
anticipated in association with active sleep. Several investigators
have reported that the heart rate accelerations associated with
active sleep in response to auditory stimulation are subject to
habituation in human neonates (Clifton and Graham, 1968; Field
et al., 1979; Berg and Berg, 1979). Thus from several perspectives
cardiac activity is an ideal response system for study in the
present context.
The major hypotheses concerning reactivity are outlined
as follows:
1. Preterm infants are hypo-responsive, i.e., have an elevated
sensory threshold, in comparison to normative control subjects.
Therefore, we would expect that:
a. the moderate- and high-risk groups' response to the 75 db
stimulus will not be as great in magnitude as the low-risk
infants' reaction to the same stimulus, and this effect
will be more pronounced in the high-risk group;
b. the moderate- and high-risk infants' response to the 85 db
stimulus will be of a magnitude which is comparable to the
low-risk infants, although the magnitude of response may
reflect some discrimination of intensity difference.
2. The primary cardiac response will be that of a heart rate
acceleration, in all groups (Bridger, 1961; Bartoshuk, 1964;
Lacy, Kagan, Lacy and Moss, 1963; Graham and Jackson, 1970;
Rose et al
. , 1976; Field, et al., 1979).
3. Reaction tendencies will be consistent across days, i.e., the
infant who shows a large heart rate acceleration to the auditor
stimulus on day 1 will show a large response on day 2 as well.
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The major hypotheses concerning habituation were the
following:
1. Low-risk control babies will demonstrate habituation; high-risk
infants will not habituate; moderate-risk infants are likely to
demonstrate habituation.
2. Intensity will interact with the process of habituation. If
the 85 db stimulus is subjectively experienced as a strong
stimulus it will be inversely related to habituation; conversely,
if the 75 db stimulus is perceived as a weak stimulus, it will
positively affect the course of habituation (Thompson, Groves,
Teylor and Roemer, 1973).
3. The low- and moderate-risk infants will be more consistent across
days than will high-risk infants. An infant who habituates on day
1 will also do so on day 2.
CHAPTER II
METHOD
Subjects
Infants were recruited from the newborn nurseries at the
Baystate Medical Center in Springfield, Massachusetts.
Three separate groups of preterms were recruited in order to
distinguish the effects of prematurity per se and prematurity com-
bined with substantial physiological insult. Table 1 presents a
medical description of the three risk groups.
The first group, designated as a moderate-risk (M-R)
,
represented health prematures. These neonates, born 5 to 9 weeks
early,* experienced a relatively smooth transition to extra-uterine
life and failed to develop significant medical complications prior
to their discharge from the hospital. Nine babies in this group
experienced some anoxia at birth, but with suctioning and oxygen
*Gestational age for all groups was determined by the date
of the mother's last menstrual period. These dates were confirmed
by the Dubowitz Newborn Maturity Rating and Classification Exam
(1977), performed routinely by the hospital personnel. In cases
where there was a discrepancy between these two estimates, the
mother's dates were used for determining selection, provided she
was quite certain of the time of conception. If she was not, and
there was more than a 2 week discrepency between the estimate of
gestational age as determined by the Dubowitz and mother's dates,
the infant was not included in the study.
1A
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assistance in the delivery room, these infants became stable within
5-6 minutes. Five infants were maintained on oxygen (via an oxyhood)
for the first 12-24 hours, three of these being identified as having
transient tachypnea during that period. Two of these infants
experienced brief periods of hypocalcemia, as did another two
infants who did not have respiratory problems. High billirubinemia
counts were noted in 78% of the infants (N=ll, highest count =20.0),
with one infant requiring an exchange transfusion. What difficulties
they did experience were transitory and in general the group gained
weight quickly in the preterm nursery setting.
The second group of infants, designated high-risk prematures
(H-R), experienced relatively more medical difficulties in the
first weeks of life. This group consisted of 15 infants born 6 to
11 weeks preterm. Two thirds of the sample suffered from perinatal
anoxia with two cases requiring intubation at delivery. Eleven of
the 15 developed hyaline membrane disease (2 severe, 6 moderate, and
3 mild). One baby experienced transient tachypnea, while another 3
cases were kept under an oxyhood for the first 12 to 24 hours of
life. Metabolic disorders such as hypocalcemia, anemia, or hypo-
glycemia occurred in 11 out of the 15 babies. Two cases were
exposed to placental infection, another 2 babies developed pneumonia,
2 cases of pneumothorax occurred, and 7 infants suffered from pro-
longed difficulties with apnea and bradycardia spells. All infants
were treated for hyperbilirubinemia (average highest count was
10.3, with a mean duration of 7 days under phototherapy). One infant
TABLE 1
Medical Description of Three Group s
Low-Risk
Mean (Range)
Moderate-Risk
iicciii
^ rvajLlEe )
High-Risk
Mean (Range)
Gestational Age (weeks)
S.D.
37.7(36-38)
.64
32.9(31-35)
1.34
31.6(29-34)
1.76
Conceptual Age at
Testing (weeks)
S.D.
37.9
.64
35.9
.86
37.2
1.08
Birthweight (grams)
S.D.
3011.7(2608-
3614)
377.9
1805(1261-
2310)
270.9
1555(1077-
2400)
374.2
Ponderal Index
S.D.
9 'X ( ~[ Q/.
-t» jU» yn—
3.01)
.32
2.14(1. 78-
2.54)
.24
2.08(1.51-
2.47)
.30
Apgar (1 min;
5 min)
9 (8-9)
9
7 (4-8)
8 (6-9)
5 (1-8)
7 (4-9)
Respiratory Distress No 3-transient
2-oxygen
assisted
2-severe
6-moderate
3-mild
1-transient
3-oxygen
9-no problems assisted
Metabolic Disorder
Hyperbilirubinemia
Highest Count
Mean days photorx
Maternal Age
S.D.
No
2-Yes
12-No
14.0
0
4-Yes
10-No
11-Yes
3-No
20.0
4
11-Yes
4
-No
15-Yes
14.4
7
24.9(18-37)
5.82
24.6(16-36) 25.7(18-38)
5.89 6.19
Steroids-Maternal No 7-Yes
7-No
3-Yes
12-No
Obstetric Medication 30mg;50mg 35mg;27mg 18mg;25mg
(Anesthesia; Analgesia)
TAIiLK 1
I.ow-KI«;k Mode r;i t <• - Kink Mi^h-KI
MoanCK.-mut.) Mean ( Knnjje ) Mean (Ran
Delivery Route-Vaginal 14 ]0 «
C-Section 0 /, 6
Gender 8-M;6-F 9-M;5-F 7-M;8-F
18
required two exchange transfusions.
These two preterm groups did not differ substantially in terms
of maternal age or previous child bearing history. However, the
moderate-risk group appeared to be composed primarily of cases
whose mothers had had some warning of early termination of their
pregnancy, and who had obtained medical assistance prior to the
baby's arrival. Nine of the 14 M-R mothers developed premature
rupture of the membranes (PROM) with 5 of these cases receiving
corticosteroids to accelerate the fetus' lung maturation. Two
additional cases in this group also received corticosteroids prior
to delivery, but without PROM. In contrast, only 3 mothers of the
high risk sample received corticosteroids and there were only 5
cases of PROM.
All preterm infants were tested at a time when their condi-
tion was stable and they required no special medical intervention.
Testing was done at 36-38 weeks conceptual age (mean = 35.9 weeks
for the low risk group and 37.2 weeks for the high-risk sample).
In some sense our sample was biased, and represents infants who are
able to overcome perinatal difficulties relatively quickly, and is
not representative of infants requiring prolonged intensive care.
In an effort to control for maturational age at the time of
testing, 8 male and 6 female infants born at 36 to 38 weeks gesta-
tion ( mean = 37.7, S.D. = .35) were recruited to serve as a control
sample. These infants, while bom at the lower bound of what is
generally considered a normal term gestational period, were treated
19
as term infants by the medical staff. All were delivered vaginally.
This group was designated as being at low-risk (L-R)
.
Apparatus
Testing was conducted in a room close to the newborn
nurseries on the maternity floor. General room illumination was
provided by a 7 x 6 foot picture window which faced east, and by a
heat lamp hanging from the ceiling on the west side of the room.
Illumination was generally 20 Nits or 5.84 fl at the site of the
infant's head. Direct lighting on the infant was always avoided.
Background noise level was 50-54 db. These conditions were maintained
as Ashton (1971b) reports dim light and steady background noise tend
to induce sleep in the neonate.
The stimuli used for the habituation/dishabituation series
were pre-recorded on tape to insure a consistent intensity of
presentation across subjects. The habituation stimulus consisted of
a rattle, like that recommended for use in the Newborn Behavioral
Assessment Scale (Brazelton, 1973). Each rattle presentation con-
sisted of 4-6 shakes over a 2-2.5 second epoch. The dishabituation
stimulus consisted of raising the head of the infant's bassinette
2-3 inches, and releasing it. This manipulation produced a moro
response on 80 percent of the trials for which it was administered.
For the dishabituation trial the infant's bassinette was raised 3
inches and dropped, producing a moro response in the baby. A cue
for the dishabituation trial was provided on the stimulus tape: a
20
single click, presented at 40 db, was used to inform the experimenter
of the appropriate timing for the dishabituation trial. The stimulus
tape was played on a Revox tape recorder, type A77. Sound was
amplified with a Realistic amplifier, model number SA-100B,
which was then projected through a Grundig Microbox (#320). The
inter-trial interval (ITI) ranged from 32 to 39 seconds, with an
average ITI of 36 seconds. The ITI was variable to preclude the
possibility of temporal conditioning. The rattle trials were
presented at either 75 or 85 db, with the source located about 12
inches from the baby's ear. Intensity was measured with a General
Radio Sound Level Meter (type 1565-D, A-scale, re=0.0002 dynes/cm2 )
placed at the site of the infant's head.
The ITI and intensity levels were decided upon after comple-
tion of a pilot study of auditory habituation with the same subject
population and stimulus, and after subsequent work with several
preterm infants using the rattle stimulus of varying intensity, and
ITl's. The final ITI and intensity levels were thought to be the
best compromise between the need to a) avoid a procedure which was
longer than the average bout of active sleep and b) allow ample time
for the preterm infants' heart rate to return to base-level. The
rattle was chosen for the habituation trials and the startle response
for the dishabituation stimulus in an effort to replicate the series
used by Field and her colleagues (1979) in their study of habituation
in full and preterm infants. Previous research has proved both
stimuli to be effective response elicitors in the newborn (Brazelton,
21
1973; Muir and Field, 1979).
Raw EKG was amplified on a Hewlett-Packard 7702B polygraph
and recorded with a Vetter Model-A FM tape recorder. Beckman
miniature electrodes were applied to the infant's chest in a
triangular array: one active lead was applied high on the sternum,
the second active lead to the left costal margin, and the ground
electrode to the right costal margin.
For statistical analyses, the recorded heart rate signal
was converted from analog to digital form by a Hewlett-Packard 2100A
computer. The computer timed the interval between each beat,
weighting the interbeat interval with the proportion of the one
second period that it occupied. These second-by-second weighted
average heart periods were converted to heart rate in beats per
minute. Five pre-stimulus and 20 post-stimulus seconds for each
trial were extracted from each subject's record, on each of the three
sessions.
Procedures
After a discussion with the mother in which the nature and
purpose of the study were completely described, written consent for
her newborn's participation in the study was obtained. The infant's
pediatrician was also contacted and his/her consent obtained before
the infant was included.
Subjects were tested in the habituation paradigm on 3
separate sessions prior to their discharge from the hospital. On
22
the first day of testing infants were examined at both the 75 and 85
db levels, while on the second day, only the first series of day 1
was repeated. All series were initiated with the baby in active
sleep, as evidenced by eye movements, shallow, irregular respira-
tion, and occasional body movements (Brazelton, 1973). Order of
intensity presentation was counterbalanced within each group of
subjects
.
Infants were wheeled in their own bassinettes to the testing
room after feeding, or when they were found to be in active sleep
sometime between feedings. The electrodes were then applied to
the infant f s chest and he/she was swaddled. Two experimenters
independently monitored the infant's state. When the infant was
judged by both examiners to be in active sleep for at least 2
minutes, the habituation series was begun.
The habituation series consisted of 10 rattle presentations
followed by the startle dishabituation stimulus, and succeeded by
four more rattle presentations. These presentations were fixed
across infants: the same stimulus order, and inter- trial-interval
was maintained, regardless of the infant f s activity and decrement of
response. If the infant woke up and became fussy, the series was
terminated (n=6). The series was reinitiated from trial 1 only if
the baby was judged to have returned to a sustained state 2 sleep,
operationally defined by the demonstration of active sleep character-
istics for a minimum of 2 minutes (4 babies were re-tested). Both
observers had to agree upon this state designation before testing
23
was continued. The series was also terminated if the infant changed
state prior to trial 5 (n=4)
. In these instances, the baby was
retested when in active sleep again (n=4). This last criterion was
established in an effort to control for spontaneous swings in state
without "disqualifying" infants who might have moved into quiet
sleep as a result of the auditory stimulation. Whenever possible,
an effort was made to initiate the series at the beginning of an
active sleep epoch; however, it was not always possible to begin
testing at that time. Therefore, the 5-trial criterion was used to
allow for variability in the time of test onset within the sleep
epoch.
A second habituation series on day 1 was initiated either
when a) the infant remained in state 2 sleep throughout the first
series and remained in active sleep for at least 5 minutes once the
series was over (n=18)
, or b) at the beginning of a new epoch of
active sleep (n=21)
.
Although one would like to control for prandial
condition of the infant as well as control for state (Ashton, 1973),
this was not possible, given the hospital routine. A note was made
of the time of testing, relative to the infant's feeding cycle.
Table 2 provides a description of the number of cases actually
included in the study, with a summary of the attrition rate. Table 3
provides a description of prandial condition at testing time, and
time between sessions. The reader will note that the M-R and H-R
groups generally had less time between sessions on day 1. These
groups tended to display longer bouts of active sleep and it was
24
TABLE 2
Number of Cases Included in Analyses
and Summary of Attrition
Session 1
Order A*
Order B
Total
Sessions 1 and 2
Order A
Order B
Total
Sessions 1 and 3
Order A
Order B
Total
Low-Risk
7
7
14
7
7
14
6
6
12
Moderate-Risk
7
7
14
7
7
14
6
6
12
High-Risk
7
8
15
5
6
11
7
6
13
Experi- Failed to Woke Up Prior
Early Technical menter Settle to Trial 5
Attrition Discharge Failure Error into Sleep Pis con. /Re test
Low-Risk 2 0 0 113
Mod. -Risk 2 2 0 110
High-Risk 0 0 2 0 1 1
*Order A =
Order B =
85 db series on session 1 and 75 db series on session 2;
75 db series on session 1 and 85 db series on session 2.
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frequently possible to complete both sessions within one state
epoch.
Independent observations of the infants' overt behavioral
responses over trials were made by the same two experimenters.
A behavioral checklist of nine discrete categories was devised
for this purpose. This list was compiled after observing several
premature and full term pilot infants. The behaviors chosen were
deemed to be the most frequently occurring responses that could be
assessed with better than 90% reliability between observers. The
presence of these behaviors was noted if they occurred within 5
seconds of the stimulus event. This time limit was imposed to dis-
tinguish spontaneous from elicited behavior. The behavioral check-
list consisted of the following reactions: 1) intensity of activity,
rated on a 4-point scale, designated absent, slight, moderate or
high intensity of activity; 2) startles; 3) irritable crying;
A) other vocalizations; 4) grimaces or blinks; 5) hand-to-mouth
contacts; 7) sucking or mouthing; 8) color changes; and 9) state of
arousal (Prechtl, 1977; Brazelton, 1973).
CHAPTER III
RESULTS
Cardiac Responsivity
The 10 habituation trials were reduced to 5 trial blocks
in order to minimize error variability. Each block consisted of
the average of two adjacent trials. One pre-st imulus and 10 post-
stimulus seconds were included in the analysis, except where
otherwise indicated.
Baselevel cardiac activity. Resting heart rate (HR) of both the
moderate- and high-risk groups was generally a full 30 beats per
minute (BPM) higher than the low-risk control subjects. Mean HR
prior to stimulation for the low-, moderate-, and high-risk groups
was 124, 151, and 157 BPM, respectively. These data on prematures'
versus controls' difference in resting HR are consistent with
reports by Rose and Field and their colleagues (Rose et al., 1976;
Field et al
. ,
1979)
.
The preterm infants also exhibited more variability in
cardiac rate prior to stimulation than did low-risk infants.
Standard deviations for 5 seconds immediately preceding the first
stimulus presentation were calculated for each group. These were
10.9, 17.3, and 15.6 BPM for the low-, moderate-, and high-risk
27
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infants.
These differences indicated that the M-R and H-R subject's
HR fell into a separate distribution from that of L-R controls.
Inclusion of all three groups in the same analysis would obviously
yield strong group differences that would not be of particular
interest
.
Additionally, the goal of the analyses was to characterize
cardiac responding in each of the three groups, rather than to
demonstrate that each group was different from the others. As
the groups were selected, a priori, on the basis of their distinct
characteristics, it seemed a relatively trivial point to prove this
again in the data analyses. For each of these reasons, the
general approach was to perform separate group analyses.
Cardiac response to stimulation of varying strength: Reactivity in
three groups . The first testing session was considered separately
to evaluate responsiveness to the two intensity presentations.
ANOVAs were performed for each group, consisting of a Blocks x
Seconds comparison, with intensity as the between-subjects variable.
The present section will discuss only responsiveness: trends over
trials will be presented in a later section.
Low- and moderate-risk infants demonstrated clear cardiac
responding to the rattle stimulus, as indicated by a significant
seconds effect in both groups (F(10, 120)=10.1, £<.001 and F(10, 120)=
3.8, p<.001, respectively). The direction of the cardiac change was
29
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one of acceleration. High-risk infant-* fo-ii^n-Lgn K rants failed to show reliable
heart rate change in the first session (Seconds, F(10, 130)-1.6A,
£=.103). Figure 1 presents a graph of the three groups' response
to the rattle on session 1, collapsed over trials and intensity.
Response to two intensity leve ls. While there was no
effect of intensity in L-R infants, the M-R prematures did show
differential responsiveness to the two decibel levels (Seconds x
Intensity, F(10, 120)-2.90, £<.01). Separate analyses were made
of each intensity series within the M-R group to determine if
these babies were in fact perceiving the 75-dB intensity. The
infants showed a significant seconds effect to both the 85-dB
series (F(10, 60)=3.9, £<.001) and to the 75-dB series (F(10, 50)=
2,8, £<.01). Figure 2 provides an illustration of the M-R group's
cardiac response to the two intensity levels. As one can see,
acceleration to the 85-dB stimulus reached a peak 3-5 seconds
after the stimulus presentation and remained high for 10 seconds.
In contrast, responding to the 75-dB series had "recovered," i.e.,
returned to base level, in the same amount of time. Trend tests
supported this apparent difference, indicating a significant linear
component only in the 85-dB condition (F(l , 6)=17
. 4 , p<.01) while a
strong cubic aspect best described cardiac change in the 75-dB
condition (F (1 , 6) = 22 . 5 , £=.005).
In summary, the cardiac data demonstrated that H-R infants
were relatively less responsive than their moderate and low-risk
counterparts. Low-risk babies failed show differential responding to
31
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the two intensity levels; however, moderate-risk infants did demon-
strate differential responding, and showed greater cardiac arousal
to the louder series.
Response to the dishabituation stimulus
. Attention was then
turned to the dishabituation stimulus, in an effort to determine
if high-risk infants would respond to a very strong stimulus.
Clearly the crib manipulation fits this descriptor as it involved
auditory, kinesthetic, and vestibular components. Indeed, the
dishabituation stimulus elicited large cardiac accelerations in
all groups (Seconds, F(10,120)=4
. 38, £<.001 for low-risk; F(10,120)=
19.10, £<.001 in moderate-risk; F(10,140)=13. 37
,
£<.001 in high-
risk). Figure 3 depicts HR change to the dishabituation stimulus
among the three risk groups. Although H-R infants did reliably
respond to the stimulus, they failed to show as great a magnitude of
responding as the other neonatal groups. A comparison of initial
peak cardiac acceleration indicated that the H-R group was signifi-
cantly less responsive than both M-R (F(l,27)=5.06,
_£<.05) and L-R
(F(l,27)=4.65, j><.05) subjects. There was no difference between
moderate- and low-risk babies.
Careful scrutiny revealed several other differences in the
quality of the groups 1 responses to the crib manipulation (see
figure 3). Low-risk babies showed an immediate acceleration which
reached a peak in 5 to 6 seconds, and then declined, returning to
base level 15 seconds after stimulation. The M-R group also demon-
strated a uniform acceleration, but their response lasted longer than
33
Fig. 3. Cardiac response to dishabi tuation
stimulus in three groups on session I.
High Risk Group
Moderate Risk Group
Low Risk Group
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L-R subjects, extending a full 9 to 10 seconds, almost returning to
base level by 20 post-stimulus seconds. This pattern was remini-
scent of the M-R group's response to the louder rattle series, in
which responding was prolonged, relative to the softer intensity.
The H-R group, however, showed a different pattern in which
the peak response was not reached until post-stimulus second 10.
The response began to diminish, but returned again between seconds
1A and 18, when the other groups had for the most part returned to
base levels. Given that the curve represented the average of 15
infants' data, the possibility existed that its shape was due to
an averaging artifact, i.e., a reflection of early responders who
recovered fairly quickly, mixed with infants whose response was
delayed in its onset. Alternatively, it could be that H-R babies
really did perseverate in their responses, apparently having
difficulty inhibiting their initial reaction.
An examination of individual cases indicated that the latter
possibility was correct. Four patterns of response were readily
identifiable. These types were the following: 1) normative
responders, who showed an immediate response which rapidly
recovered; 2) flat responders, who failed to show any immediate
identifiable acceleration; 3) perseverators , whose response pattern
was labile, mimicking the high-risk group curve; and 4) hyper-
responders, whose heart rate increased and failed to approach base
level within 15 seconds. Table 4 presents the criteria used to
assign an individual infant to one of the four response categories.
36
TABLE 4
Response Types Shown to Dishabituation Stimulus
Normative Responders. These infants are immediate responders who
rapidly recover. They show an immediate cardiac accelera-
tion which reaches a peak by second 5 or 6, and returns to
base level by second 15.
Flat Responders
.
These babies are the most hypo-responsive. They
fail to show an acceleration greater than 5 beats within
the first 5 seconds. There may or may not be an accelera-
tion which is delayed in its onset, but in many of these
cases, there is a late acceleration.
Perseverators
. Responsiveness in these babies is best character-
ized as being labile. The infant shows an initial accelera-
tion which then reverses itself for 2-4 seconds, and then
repeats the accelerative response again for 5 or more
seconds. Heart rate may or may not return to base level
in the initial deceleration.
Hyper-Responders . These babies appear literally to be at the
mercy of the stimulus event. These babies show a cardiac
acceleration that fails to return to base level by second 15
37
Table 5 lists the distribution of cases among the response
types in each of the risk groups. As one can see, the persevera-
tion tendency was the model pattern seen among H-R infants. Of the
15 babies in this group, 3 showed a normative pattern (20%), 2 were
flat responders (13%), 3 were hyper-responders (20%), while 7 were
identified as perseverators (47%). If one were to characterize
the hyper-responders and perseverators as having difficulty inhi-
biting their initial reaction tendencies, then 67% of the high-
risk sample could be so described. The moderate-risk group had
strikingly fewer hyper-responders (14%) and perseverators (36%),
while the low-risk group had only 1 perseverator (7%).
Thus, degree of risk was reflected in the individual's
inability to inhibit responding to a strong stimulus. A Chi Square
test was performed to ascertain whether membership in a risk group
and type of response were independent phenomena. For the purposes
of this analysis hyper-responders and perseverators were collapsed
2together. This test was significant (X=15.6, df=4, p=.005),
indicating that risk status and quality of response to a strong
stimulus were in fact related.
Response pattern over trials and sessions: habituation effects .
Three separate approaches were taken in examining cardiac data for
habituation effects: Session 1 was first considered, followed by
session 1 in combination with session 2, and finally, session 1
combined with session 3. The data were parsed in this manner as
38
TABLE 5
Distribution ot Cas^ A^rour Respo^riWs~
Hyper-Responder Perseverator
Low-Risk
(n-14) / 0 1 (71)/
Moderate-Risk
(n-14)
7%
/ 2 (14%) 5 (36%)/
50%
High-Risk
(n-15)
/ 3 (20%) 7 (47%)/
6 / 7
2 (14%) 11 (78%)
* (28%) 3 (21%)
2 (13%) 3 (20%)
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1) there was a greater number of cases tested on session 1, and 2)
the various combinations provided a comparison of intensity and of
responding over days.
Session_l. Separate ANOVAs were performed for each group
consisting of a Blocks (5) x Seconds (11) design with intensity as
the between-subjects variable. None of the three groups demon-
strated a Blocks x Second interaction. Thus the analysis failed to
reveal evidence for an orderly change over trials that could be
interpreted as habituation or sensitization, in any of the preterm
groups.
Sessions 1 and 2. The data from sessions 1 and 2 were
combined in a Blocks (5) x Sessions (2) x Seconds (11) ANOVA with
intensity as the between-subjects variable. All three groups showed
significant responding (Seconds: F(10, 120)=10. 65
,
_p<.001 in L-R;
F(10,120)=3.27, px.001 in M-R; F(10
, 90) = 2 . 52
, £-.01 in H-R) in this
analysis. However, neither the low- or moderate-risk groups demon-
strated a blocks x seconds interaction, the effect that was con-
sidered critical in determining habituation or sensitization. Fur-
ther, examination of graphic representations of responding on
session 2 for these groups failed to reveal any indication of
systematic change in responding.
In contrast, high-risk infants showed a significant Blocks x
Seconds interaction (F(40, 360)=1
. 95
,
p<.001) when the two sessions
were combined. Figure 4 presents the HR response over trial blocks
1 through 5 for the H-R group. Trend tests of these data revealed
Fig. 4. Blocks x Seconds interaction on day
sessions 1 and 2 combined, in high-risk infants.
Block
Block
Block 3
Block 4
Block 5
1
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a linear aspect of trial
c
WA s interacting with a i-ir^.,--iig cn linear component of
seconds (F(l, 9)=5. 30, P<.05) a rP,„H n u£ u^ t esult which one might conclude was
evidence for habituation, were the grouP curves suggestive of such
an interpretation. In fact
, however> when^ ^^^
it became apparent that the magnitude of responding remained largely
in direction of the heart rate response occurred, showing a
decelerate trend instead of an acceleration. Thus it was a change
in direction of the cardiac response which accounted for the
Blocks (linear) x Seconds (linear) interaction, rather than habitua-
tion of the initial accelerative response.
Sessions 1 and 3
. Separate ANOVAs for each group were
performed comparing Days (2) x Blocks (5) x Seconds (11) with
intensity as the between-subj ects variable. Low- and moderate-risk
infants showed significant cardiac responding (Seconds, F(10,100)=
15.10, jK.001 in low-risk, and F(10, 90)=2. 99, p_<.003 in moderate-risk)
while the high-risk group did not.
The L-R group again failed to show a significant Blocks x
Seconds interaction in this analysis. They did show a main effect
for trials (F(4,40)=3.04, £<.05), however, which was quadratic in
form (Trials (quadratic) F(l,10)=6. 73, £<.027). Figure 5 shows the
average amount of cardiac activity for each trial block in BPM. A
Trials (quadratic) x Intensity interaction (F(l,10)=6. 7 , _p<.05
indicated that the curvilinear pattern of HR activity was carried
by the 85-dB stimulus. There was no effect of days in this group,
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Fig. 5. Average cardiac activity on 5 trial
blocks, session 1 ( panel A ) and session 3 ( panel B ),
in low-risk infants.
75 dB
85 dB
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with mean cardiac rpcnnn^^espondxng to the two intensities essentially I
paralleling responsiveness on day 1.
The moderate-risk group again showed differential responding
to the two intensity levels (F(10,90)= 3
.32, £<. 00l, for Seconds x
intensity) as they had on day 1 (see figure 6) .
tion was greater to the 85-dB stimulus, lasting A _ 6 ^
failing to recover for 10 seconds after the stimulus presentation.
Accelerations to the 75-dB stWus were not as abrupt, reaching a
Peak in 3 seconds, and returning to base level by post-stimulus
second 6. This difference was reflected in a Seconds (linear) x
Intensity interaction (F(l, 9)=9. 63, 2<.025). There was no effect
of days for the M-R group, indicating that responding was
essentially the same on day 2 as it had been on session 1.
In summary, three separate approaches to these cardiac data
failed to support a strong interpretation of habituation. The
results indicated that efforts to explore sensitization effects,
i.e., response recovery after the dishabituation stimulus, would
have little meaning within the dual-process theory of Thompson and
Spencer (1966) and their colleagues (Thompson et al., 1973).
Therefore no discussion of trials 12 through 15 will be made here.
Carry-over effects from session 1 to session 2 in low- and moderate-
risk groups. When cardiac responses were analyzed for order effects,
it was found that the sequence of the two intensity series had a
significant influence on the L-R group, and to a lesser extent, on
moderate-risk infants. There were no order effects found in the
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high-risk group.
Low-risk babies showed a Seconds x Order interaction when
the five trial blocks from sessions 1 and 2 were considered (F (10, 120)
2.50, £<.01). Figure 7 presents an illustration of this effect. As
one can see from the figure, responsiveness to the 85 and 75 dB
stimuli are comparable when first encountered during session 1.
The differential impact of the two intensities became apparent
with the second testing session. In this session infants who had
been exposed to the 75 dB series earlier demonstrated large
accelerations, the magnitude of which was comparable to the first
session. However, infants who had been exposed to the stronger
stimulus series first were less reactive in their subsequent
response to the less intense series. Thus, the testing situation
had an impact upon the L-R neonates' propensity to respond at a
later point in time.
Moderate-risk infants also showed a carry-over from session
1 to session 2, although their response pattern was not exactly
like that of L-R control subjects. Figure 8 provides a graph of
the Seconds effect for the two intensities series, with orders A
and B. A Seconds x Order interaction approached significance
(F(10, 120)=1
. 75 , £<.10). As one can see from the figure, the
direction of the cardiac response to the first presentation of
either intensity was that of an acceleration. In contrast,
responsiveness in the second session is relatively suppressed, for
both intensities. This difference in the slope of the initial
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Fig. 9. Carry-over effects in moderate-risk
infants, sessions 1 to 2, trial block 1.
75 dB Si
75 dB S2
85 dB Si
85 dB s 2
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acceleration on session 1 versus 2 la reflected ^ §
Seconds (linear) x Order interaction <F(1, 12)-4.28, £-.06).
The M-R group's reduced responding of session 2 was highly
significant when only the first trial block was considered.
Figure 9 presents the Seconds effect for trial block 1 with orders
A and B. One can see that upon first exposure to the stimuli on
session 1, responsiveness to the two decibel levels was the same
(there was no effect of intensity when only trial block one was
considered). On session 2, however, there was a suppression of
responding to both intensities (Session x Seconds x Order,
Zd0.120j-3.23, £=.001). Responding to the second series assumes
an accelerative form to the 85-dB series and a decelerative form
to the 75-dB series. This differential responding on session 2 is
reflected in a Sessions (linear) x Seconds (linear) x Order inter-
action (F(l,12)-5.35, £<.05).
Alternative indices of habituation: tonic versus phasic responding.
The lack of habituation indicated by the Blocks x Seconds ANOVAs
was contrary to our original hypotheses, particularly those
formulated for the L-R group. Figure 10 presents the blocks x
seconds interaction for session 1 in this group, the interaction
considered critical in determining whether there was systematic
change in responding over trials. The cardiac data are presented
as change scores, i.e., prestimulus minus post-stimulus BPM. The
graphic representation indicated that there was some decrease of
initial cardiac accelerations to the 85-dB series, at least for the
53
Fig. 10. Blocks x Seconds interaction in
low-risk infants, for two intensities, session 1.
Block 1
Block 2
Block 3
Block 4
Block 5
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5-second period immediately after t-h P oi-i™ i*±y r e stimulus. Responding to the
75-dB series was less orderly. Therefore it seemed appropriate to
explore an alternative index of cardiac responding, to determine if
there was any evidence of habituation to the 85-dB series.
indeed, in a sense the one pre- and 10-post-stimulus second
epoch included in the original analysis reflected both short-term
and long-term change in response to stimulation. Stampes (1979),
for example, has distinguished the 5-second period immediately
following a stimulus from the period 6-10 seconds post-stimulus,
referring to the former epoch as phasic responding while the latter
is considered to reflect tonic change in the HR activity. Our own
data suggested that there may have been differential long-term
change to the 85- and 75-dB conditions, as indicated by a Trials
(quadratic) x Intensity interaction (F(1,12)=7.A, £<.02) in session
1. It seemed appropriate therefore to distinguish phasic from tonic
change, and to examine these separately.
Two additional measures were then extrapolated from the
original HR records. The first was average HR for the 4 second
period immediately preceding a trial. The second was the maximum
HR acceleration seen immediately after the stimulus presentation.
The baseline measure was thought to reflect long-term, or tonic change,
while the latter index reflected phasic change. These two indices
are presented in figure 11, for session 1. As the graph illustrates,
a quadratic pattern is evident in the change in baselevel HR over
the 5 trial blocks for the 85-dB series (figure 11-B). However,
57
Fig. 11. Tonic and phasic responses to 85
and 75 dB series on session 1 in low-risk infants.
75 dB
85 dB
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Phasic responses showed a general decrease over the 5 trial blocks
(figure 11-A)
. Baselevel HR in the 75dB condition (figure U-B)
was more random, while phasic responses increased ^
blocks (figure H-A)
. Thus> when phasic RR ^^^^^
separately, there was in fact so. evidence of response inhibition
in the L-R group, but only to the 85-dB stimulus.
The tonic change in HR seen to the louder series might be in-
dicative of a state change in the infants. "State change" in this in-
stance is used in the same vein as Thompson and Spencer and their col-
leagues (Thompson et al., 1973), i.e., as indicative of changes in sen-
sitization, and does not refer to a chnage in behavioral state, as de-
fined by Prechtl (1977), and Brazelton (1973). Indeed, while observing
many of these infants during the testing situation, the examiners were
impressed by an apparent inhibition of REM activity in response to
stimulation, while other signs, such as respiration, indicated that the
subject was still in active, rather than quiet sleep. A more complete
description of these observations is presented in Appendix F. Suffice
it to say that there was some confirmation of this hypothesized change
in the L-R neonates' "state" provided by behavioral observations.
These changes may have accounted for thequadratic trend in tonic HR
responding. Habituation of phasic responses appeared to parallel the
initial tonic change, although phasic responses remained low when
tonic activity returned to initial levels (see figure 11).
Stability of react ion tendencies over days
. One of the original goals
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of this study was to ascertain whether habituation and reactivity
were stable tensions of the newborn, i.e., durable at two
separate points in time.
Analysis of the group data provided only lifted support
for habituation in the L-R subjects. Nonetheless, by examining
initial peaK „H accelerations for each trial blocK, it was possible
to ascertain if the pattern of response over trials was consistent
from day 1 to day 2. Spearman Rho correlations failed to reveal
any consistency over time in the na*.«-« rl Pattern of response over trials
for any of the preterm groups, at either intensity.
Reactivity to trial block 1 proved to be a more
reliable phenomenon, at least among L-R infants. When initial
peak HR acceleration of block 1 was considered, L-R subjects main-
tained significant stability in rank-order over days (r = 523
s *
t-1.94, df-10, jK.05) while M-R and H-P infants did not. Con-
sistency over days was greater for L-R subjects receiving the
75-dB series (r^-,77, t-2.42, df-4, £<.05) than for infants in the
85-dB series (r
-.14, _t=.29, df=4, NS).
There was some evidence that this reactivity comparison may
not have been appropriate for M-R infants. Closer examination of
the first trial block for session 1 and 3 revealed that the moderate-
risk babies showed virtually no response to the 75-dB stimulus on
day 2. Further, rank-order correlations from day 1 to day 2 were in
the negative direction for both intensities (r =-.71, t=-2.04,
s —
df=4, NS for 85 dB and r =-.30, t=-.54, df=3, NS, for 75 dB)
.
An ANOVA performed on trial block 1 for day 1 and day 2
revealed no effect of days on responding in low- or high-risk
infants. However, there was a nonsignificant trend among the
-derate-risk group that suggested differential responsiveness across
days (Days (linear) x Seconds (quadratic) x Intensity, F(l,9)-4.69,
£=•058). Apparently there was SOme suppression of responding on
day 2, at least in the initial trials of session 3. Therefore, a I
comparison of sessions 1 and 3 did not provide an appropriate test
of the stability of reaction tendencies for the M-R group.
Additionally, responding to the rattle was generally low
in H-R infants. Attention was thus turned to the dishabituation
stimulus, which provided a second opportunity to look at the
consistency of reaction tendencies over time.
The greatest individual variability to the crib manipulation
had appeared in latency to return to baseline, and in the duration
of peak response. Magnitude of the initial acceleration failed to
capture those individual characteristics. As the previous analysis
of initial response had failed to yield significant consistency in
two of the three groups, I was optimistic that a more qualitative
description, which took into account many aspects of the response,
might prove more stable over time.
The reader will recall from the reactivity section that the
qualitative description of response types did reflect degree of
perinatal status, in that hyper-responders and perseverators were
more frequent in M-R and H-R groups, while most L-R subjects fell
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into the normative category.
The consistency of these response patterns over the next 2
sessions was therefore exa.ined. The number of matches fro. session
1 to session 2, and fro, session 1 to session 3 were counted for
each group. A match was defined as maintaining the sa.e typology
across two sessions, or shifting from the hyper-responder to the
perseverator category. The percent of cases who maintained a
similar response typology across sessions are presented below.
Session 1 to Session 2 Session 1 to Session ^
Low-Risk 43% (n - 14) 50% (n . 12)
Moderate-Risk 21% (n - 14) 5A% (n u n)
High-Risk 54% (n - 11) 31% (n . n)
No formal analysis is required to see that the neonates are
about as likely to change as remain the same in their reaction cycle.
Thus, even qualitative, general characterizations of reactivity fail
to maintain stability over time in moderate- and high-risk groups.
The high-risk infants demand some attention in this regard.
This group was expected to be the least consistent in their style of
responding. If these babies were consistently flat and hypo-
responsive, they would look worrisome indeed. However, a shi t 1
towards greater normalcy in responding can be seen when their
response typologies are examined. The following table presents the
distribution of the high-risk infants' classifications over the three
;;<•:,:; i < >n:;
.
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Pgllgverator or Hyper Normative Flat
Session 1
Session 2 54°/
Session 3
^17
20% 13%
18% 27%
46% 23%
The percentage of cases showing non-normatively large
responses has decreased by more than a half across the two days.
If one compares the high risk samples' distribution relative to
the other groups, they look much more similar than they did on
the first session. Consider the following table.
Session 3: Response Typologies for 3 Groups
Hyper or Perseverator Flat Normative N_=
Low-Risk 1 2 9 12
Mod-Risk A 1 6 11
High-Risk 4 3 6 13
While there really is not an appropriate statistical
technique available to evaluate these changes in category over time,
a second chi square was performed to evaluate the distribution of
cases in session 3. In fact, perinatal risk classification and
response type were unrelated in session 3 (x
2
=3.72, df=4, .5<p<.25).
While these data are based upon a small sample, one might accept
them as suggestive of some improvement over time in the ability
to inhibit large responses. Unfortunately it is impossible to
determine if such change reflects general improvement associated
with maturation and recovery or is the result of repeated experience
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in the testing situation.
^^^^ A possible explana-
tion for the hi gh-risk infants , failure tQ respond raight ^
due to an effect of the Law of Initial Value (LIV) (Stembach,
1966). The LIV, a principle derived fro, psychophysiological studies,
predicts that an individual's ability to respond to a given
stilus event is limited by prestimulus levels of autonomic
arousal. Given a high level, a stimulus event which typically
produces increased activity, may fail to elicit much additional
activity, or in some instances, may even produce a paradoxical
reaction, such that activity decreases. Thus, the direction and
magnitude of response reflect both the intensity of the stimulus
and the tendency to maintain autonomic homeostasis. (Lacey, 1956;
Wilder, 1967; Sternbach, 1966).
To return to our own data, however, it was found that
baselevel HR of the moderate- and high-risk groups were not signi-
ficantly different. The elevated basal HR observed in preterm
subjects was comparable in moderate- and high-risk groups, and in
fact, did not prevent the moderate-risk babies from producing
significant cardiac acceleration when stimulated. Therefore,
increased baselevel cardiac activity was ruled out as sufficient
cause for the H-R infant's hypo-responsive tendency.
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Behavioral Responslvltg
Behavioral responding: reactivii-v «.2 ^^ tZ_in_thre^_gro^. Eight behaviors
were coded by both observers in the testing sessions: startles
activity, irritable cries, vocalization, graces, color changes,
hand-mouth contacts, and non-nutritive sucking. Reliability
between observers for presence or absence of a criterion behavior
was maintained at 90% where reliability represented the percentage
of agreements minus disagreements over the total number of instances
the behavior was sampled. The author was considered to be the
criterion coder, and her observations were used in instances where
there was disagreement between two examiners.
Examination of the behavioral coding sheets indicated that
certain behaviors were more consistent than others, and were more
appropriate indices of response to stimulation, while others were
better indicators of spontaneous activity associated with state 2
sleep. In particular, behaviors such as grimacing, sucking and
whimpering (coded as vocalizations) were associated with dense Rem
activity, and had a high frequency during those particular epochs
of active sleep. Similarly, irritable crying was often associated
with a change in state, that is, before waking up. Vocalizations
in response to stimulation occurred with relatively low frequency
among the 3 groups with wide individual variability. Therefore, it
was not included as an index of reactivity. Blinks and grimaces
associated with the stimulus presentations appeared relatively late
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in the trial series, and usually occurred subsequent to the suppres-
sion of startles and body „ove„,ent. Thus, the incidence of
eyeblinks and graces was confounded by state and time in the
rattle series, and would have provided a confounded measure of
reaction tendencies.
The remaining behavioral categories-startles, body activity
and color changes-were used to examine reactivity differences
between the three groups. All three behaviors occurred frequently
and reliably in response to stimulation. Initially, within group
comparisons were made of the two intensity conditions, to ascertain
if there was differential responding to the strong and relatively
weaker rattle series. Secondly, between-group comparisons were
made comparing the incidence of the behaviors among low-, moderate-
and high-risk subjects. Results of these data for activity,
startles and color changes are presented in Tables 6, 7, and 8,
respectively.
For the purpose of analysis, the rattle series was
partitioned into 4 epochs: the pre-stimulus period, trials 1
through 10, the dishabituation stimulus, and trials 12 through 15.
The total number of instances in which the three behaviors occurred
were then tallied for each epoch. Summary scores for each epoch
were used as the unit for analysis, rather than average occurrences
per trial, as the sum provided greater variability and more data
points per subject. The tables provide average summary scores and
standard deviations for the 4 epochs on sessions 1, 2 and 3, for the 3
67
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risk groups. For the pre-stWus and dishabituation periods, the
Percent of cases exhibiting startles and color changes are
Presented, rather than standard deviations, as there was never more
than one instance of the behavior per subject.
The data were collapsed across intensity as t-test compari-
sons generally revealed no difference in the magnitude of overt
response to the two intensities. Exceptions to this general
pattern were found in 5 of the 24 intensity comparisons made. These
were as follows: 1. High-risk infants tended to show more activity
in response to the 85-dB stimulus during session 1. This was true
for the first 10 rattle trials (t-1.36, df=13, p<.10) and for trials
12 to 15 (t=2.0, df=13, p<.05). 2. During the same session, L-R
babies receiving the 75-dB stimulus startled more after the dis-
habituation stimulus than did L-R risk infants in the 85-dB condi-
tion (M(85)=0, M(75)-1.10, t-2.75, df=12, p<.02). The greater amount
of startling may indicate increased sensitization to the rattle
stimulus, or a relatively more disruptive effect of the dishabitua-
tion stimulus in the 75-dB group.
Three major results were derived from group comparisons of
activity, startles and color changes. These were that 1) L-R infants
showed more activity in response to the rattle stimulus than did M-R
babies; L-R and H-R infants tended to show comparable activity levels,
although the pattern of responding over sessions was different for
the two groups; 2) L-R infants startled more than either of the other
2 groups, and 3) moderate- and high-risk infants demonstrated more
color changes than did the low-risk group.
Review of the data for session 1 in Table 6 indicates that
L-R infants' activity for trials 1-10 was highest of the 3 groups,
but is statistically similar to that of H-R infants. Moderate-risk
subjects were significantly less active than the L-R group (t-2.65,
df-26, p<.05 using Bonferroni t - distribution, K = 3.*). There
were no group differences in activity prior to stimulation, in
response to the crib drop, or after the crib drop.
Differences between the groups' activity levels dropped
off sharply in session 2, with low- and high-risk infants' activity
becoming more like that of the moderate-risk subjects. In fact,
only the L-R group's decrease in activity represented a significant
departure from session 1 (t=2.22, df=26, p<.05).
By session 3, H-R subjects were demonstrating activity which
was greater than the low-risk group. At this point, L-R infants
maintained the reduced level of activity seen in session 2. In
contrast, H-R infants showed a significant increase in activity from
session 2 to 3 (t=4.22, df=2A, p<.001), returning to levels which
were comparable to session 1 (t (session lvs. session 3) = 1.11,
df 2 7, p<.10). An unexpected result was that H-R babies demon-
strated significantly higher activity levels prior to any stimulation
on session 3 (t(high-vs. low-risk) = 2.75, df-24, p<.05).
*A11 significance levels for the between-groups comparisons in
this section are based upon the Bonferroni t-distribution with K, the
number of planned comparisons for each epoch, equal to 3.
The general pattern of startling was that L-R mfant. shoKed
the greatest Incidence, followed by „_„ an(J „^ respectiveiy
(see Table 7). mis trend was most consistent during the first 10
rattle trials. Differences between M-R and H-R subjects versus the
L-R group tended to diminish over the 3 fPcHnn j testing sessions. This was
due to a non-significant decrease in ? t arm n „ ci s tli g from sessions 1 to 3
by L-R babies, combined with a relative increase, also non-significant
among H-R subjects over the same periods. Thus, L-R infants showed
significantly more startles than M-R and H-R subjects in session 1
Ct-3.42, df-26, P<.01 for M-R and t-4.48, df-27, P<.01 for H-R),
while in session 2, only L-R and H-R groups were substantially
different (t-2.69, df-24, p<.05). By session 3 the risk groups
showed no differences from one another although their relative
ranking was maintained from session 1.
Group differences in color changes (Table 8) were quite con-
sistent over the three testing periods, with L-R babies showing
substantially fewer changes than M-R or H-R groups. This was a
significant difference when all rattle trials were considered. Howeve
using the first ten rattle trials as the unit of analysis, only the
H-R group was significantly higher than L-R subjects, while contrast
with M-R infants approaches significance.
Behavioral response pattern over trials . Activity ratings were used
to describe overt responses over trials. There was no evidence of
an orderly decrement of activity in these data. Rather, it appeared
that „ost infants inhibited activity for 2 to 3 trial presentations
followed by a return of response, that ffilg„t or migh t not diminish
by trial 10.
Babies were then classified according to their responsivity
over the 10 habituation trials. Babies received a classification
of limited decent if they inhibited responding for 2 or 3 trials,
but showed a return of response before trial 10. Infants described
by the complete decr^nent category inhibited their activity, and kept
activity suppressed for the remainder of the series. The no decrement
category was reserved for infants who failed to show any sustained
inhibition of activity, or who failed to show a clear response to
the stimulus. A baby was considered to have inhibited his/her
activity on a given trial if ( s )he received a rating of 0.
The percentage of cases falling into the 3 categories is
presented in Table 9. A chi square analysis was performed on the
data for session 1, to determine if risk status and habituation
classification were independent events. No relation was found
2
(X =6.71, df=4, p<.25). Thus behavioral shutdown during the habitua-
tion series did not differ among the three groups of infants. Such a
result is not surprising, considering the number of cases showing a
partial decrement. A more unexpected result is the lack of cases
showing sustained inhibition of activity, particularly among the L-R
sample
.
Stability of individual differences. The next task was to determine
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TABLE 9
No
Limited Complete No
Decrement Decrement Decrement N=
Control 71 7 21 14
Session 1 Low-Risk 50 36 14 14
nlgn-KlSK 33 27 40 15
Control 64 7 28 14
Session 2 Low-Risk 50 28 21 14
High-Risk 38 46 15 13
Control 58 17 25 12
Session 3 Low-Risk 27 18 54 11
High-Risk 50 14 36 14
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if there was any consistency in the pattern of behavioral decrement
over sessions. As with the cardiac data, each subject's classifica-
tion across sessions was reviewed, and the number of matches from
session 1 to session 2, and fro, session 1 to session 3 were noted.
A match was defined as maintenance in the same category; alterna-
tively, shift fro, the limited to complete decrement, or the reverse,
was also considered to be a match. The percentage of cases de.on-
strating a match across sessions is presented below:
Session 1 to Session ? Session 1 to Session^
LOW"RL8k W° 58%
Moderate-Risk 64% 45%
High-Risk 82% 64%
There appeared to be limited consistency in the pattern of
behavioral decrement across trials from session to session. These
results should not be surprising, however, given the high proportion
of cases showing some inhibition of activity.
State change in response to stimulation . Brazelton (1973) and others
(Carpenter and Stechler, 1968; Tronick, Als, and Brazelton, 1979) have
suggested that change in behavioral state is one of the mechanisms
available to the young infant, to alleviate stressful situations.
These authors view such change as an index of adaptational ability.
Our own perspective was that the habituation paradigm provided a good
context in which to observe state change. Unlike other researchers,
7')
who viewatatelabiHtv as „ confoundi ue ^ ^
""""" °" lBtrlMl° L„ „„„ lvi ,,, I(
an important aapect of the Infant rc8ponRe to ,tj ^
By ..king accurate judgMBt! ol behavioral
,t.i. an,l ,, y
'
1
">'• ' ,ir I nf ant s .1 1 ;| .„, 1 „• 1 ,, , , . . .,,<,,nl
""•
|
' "l«'»'|>/vake
, yellng when wo
did not expect spontaneous state ,viBgi| Wi h0P.d to Ln.ur. that what
Chtng.. were observed during testing would In fact be ,„ response to
•timul.tiOB
.
Further, these state
.wing, might point to meaningful
group differences in ndaptallonnl capabilities.
Table 10 presents the percentage of Instances In which state
Change, occurred out of the total number of testis* sessions for each
of the three groups. For the purposes oi this comparison sessions
are included whore the data were no! actually used. Table 10 »
thr «'«"d It ion/i I probability ol a chan Ke towards a particular
"tate: I.,-., K | vrn Ml) . „„„,,„., o( rll .u , K ,. ( . W |, hln „ Kroiipt whn|
t V|><- oi change occni 1 cd.
The tables indicate that low and moderate risk Infants were
most likely to change Into quiet sleep, |f ... ,. t ale Hwing occurred,
wt,,h
• 11
'< Inlantn were more likely to wake up and cry. A change to
•I" 1 ''' ;! I« ,,
-P el I,-, lively reduces the Impact of I he stimulus lo the
baby, while waking up augments the ef loots ol t ho sound. Returning
to Table 10 |>
,
the probability ol waking up. I.e., changing to
drowsy or crying, states, was
. VI , . 2H , and ./'> In the low
,
moderate-,
and high-risk groups, respectively. The M H group appeared to cope
most olfeetlvely with the rattle sound, while II \{ subjects were most
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TABLE 10
^^^^
Grou s
10-A. Percentage of instances infants changed to quiet sleep d™or crying states. M , rowsy
State Infant Changed to Total % o f
n.,4^«- ci ~ Sessions in WhichQuiet Sleep DrowsJL__CryinJ>^^
Low-Risk 14 n . 6 A>6 3Q2
Moderate-
Risk 12.5 2.5 2.5 17.5
High-Risk A. 8 9.5 4.8 19.0
10-B. The conditional probability of moving into one of 3 statesgiven a state change occurred.
Quiet Sleep Drowsy Crying
Low- Risk
.46
.38 .15
Moderate-
Risk
.71 .14 .14
High-Risk .25 .50 .25
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likely to be disrupted and become disorganized during the testing
session. L-R controls fell somewhere in between these two extre.es.
^^^^^
Earlier work by Rose et al. (1976) had suggested that the
preterm shows a lack of consistency between cardiac and behavioral
responding. These investigators observed that prematures did
demonstrate increased activity in response to tactile stimulation,
while failing to respond with significant cardiac acceleration.
The group has since replicated those results in a more recent
project (Rose, Schmidt, Riese, and Bridger, 1980). In contrast,
Field et al. (1979) found both significant behavioral and cardiac
responding when using stimuli which were relatively more intense
than those used by the Rose group.
Data from the current study generally suggest a lack of
coherence between measures of overt activity and cardiac responsive-
ness, although our results are not entirely consistent with that of
Rose et al. (1976, 1980). H-R infants did show changes in activity,
but failed to show significant cardiac acceleration to the rattle
stimuli, a result which is consistent with the Rose reports.
Additionally, the H-R infants were hypo-responsive behaviorally in
that they startled so infrequently when compared with L-R controls.
Thus, startle and cardiac responses did occur in a parallel fashion.
Results of the M-R group on the other hand showed the inverse
of what Rose had reported. These babies were relatively
hypo-responsive behaviorally but demonstrated significant cardiac
accelerations to sound. These infants also startled less than L-R
controls, but demonstrated more startles than H-R infants.
CHAPTER IV
DISCUSSION
Summary of Major Results
Results indicated that 1) the high-risk premature was hypo-
responsive to sound, while healthy prematures were not; 2) once
the high-risk premature was stimulated sufficiently to elicit
responding, the neonate had difficulty inhibiting his/her arousal
reaction; 3) there was stability in magnitude of responding across
24 hours in low-risk neonates but not in moderate- or high-risk
groups; 4) the pattern of cardiac arousal to strong stimulation, or
reactivity, was a reliable indicator of perinatal insult, while
habituation was not strongly evident in any of the preterm groups.
Baselevel Heart Rate
The differences in base level HR found in the present report
indicate that the group differences found by Rose and Field and
their colleagues are not due to the older maturational age of their
control subjects; rather, there is apparently a lower heart rate
associated with birth itself, that changes with increased time
spent in an extra-uterine environment (Graham, Clifton and Hatton,
1968)
.
One might speculate that the reduced HR is due to medication
administered at delivery. However, as none of the mothers of L-R
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infants received large doses of anesthesia or analgesia this would
see, unlikely, although one cannot rule out such a possibil ity
.
^^^^
The hypo-responsiveness and pattern of delayed responding
with long latency to recover is consistent with other characteriza-
tions of the premature (Bench and Parker, 1971; Howard, Parmelee,
Kopp and Littman, 1976). As this type of responding was more
exaggerated in high-risk infants, it becomes evident that degree of
perinatal trauma must be considered in conjunction with gestational
age in describing the premature's abilities as a neonate, and in the
description of long-range outcome.
Cardiac data of the present report are consistent with two
recent reports by Rose, Schmidt, Riese, and Bridger (1980) and by
Schmidt, Rose, and Bridger (1980). These investigators explored be-
havioral and cardiac responding to a tactile stimulus in a heterogene-
ous population of premature neonates during active and quiet sleep.
Their studies demonstrated that some prematures do show cardiac
change which is comparable to that of full-term subjects. In the Rose
et al. report, prematures who had been given a daily regimen of
tactile, vestibular and social stimulation responded like term
neonates, while preterms without the intervention responded as our
own high-risk prematures had, i.e., with substantial behavioral change
but with non-significant cardiac responding. The Schmidt et al. study
demonstrated that preterm neonates who did not receive the
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intervention regimen, but who were exposed to the sound of a human
heart beat during testing also showed significant cardiac responding.
Presumably the heart beat sound created a milieu which was more like
the womb environment, which had an organizing influence upon the
newborn. While the two studies did not separate out the relative
contributions of health versus sick prematures, they do corroborate
two important findings of the present study: 1) that prematures are
not a homogeneous group that can be simply characterized as "hypo-
responsive"; but rather some prematures show significant autonomic
responses while others are relatively flat and 2) that the preterm
neonate is a plastic, labile organism whose propensity to respond is
influenced by external stimulus experience, both in the short term-
as in response to a rattle or tactile filament—and in the long term-
as seen in the effectiveness of Rose's intervention, or in the change
seen in response to the crib drop over sessions in our own high-risk
babies
.
Results of the behavioral data of the present report are less
consistent with the reports of Rose et al. (1976, 1980). Like the Rose
studies, we too observed significant behavioral change in response to
stimulation in the absence of significant HR response. H-R infants
demonstrated increased activity and color changes during the rattle
trials on all 3 sessions. However, our data are unlike the Rose
studies in that H-R infants were as active as the L-R control group,
or even more active (as in session 3) while Rose et al. (1976, 1980)
report that preterms were hypo-responsive behaviorally when compared to
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full term controls. It was our healthy preterm (M-R) group which
appeared less active than L-R controls, but even this difference
was significant in only one out of 6 group comparisons. While the
Rose et al. studies do not really offer a comparable group compari-
son because the healthy prematures were not considered separately,
it is possible that their results reflect the mutual contribution
of the behaviorally reactive high-risk preterm and the less active
healthy preterm. Were we to mass both groups together we would pre-
sumably have activity ratings which were greater than prestimulus
levels but less than that of L-R controls, as Rose et al . (1976,
1980) have characterized preterm behavioral responding.
The lack of habituation seen in the low-risk group is in
apparent contradiction to at least two carefully executed studies
(Martinius and Papousek, 1970; Field et al., 1979). The Martinius
study is less directly applicable as it looked only at behavioral
responding; hence, the majority of comments will be directed at
differences between the Field study and the present project.
It is tempting to conclude that the population of 36 to 38
week old neonates is qualitatively different from the AO-week old
control typically used in these studies. Perhaps the 36 to 38 week
old is less advanced in CNS maturation and cannot manage the inte-
grative demands of an habituation task. This possibility could be
tested by comparing infants at AO weeks conceptual age with full
term neonates. However, before making such a radical conclusion,
several methodological differences between the current and past reports
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must first be addressed.
The first maJ or difference between the Field study and this
project is simply in degrees of freedom, or power to detect habitua-
tion effects. Field's study compared 18 full term with 18 preterm
neonates, and averaged their responses over 3 separate testing
sessions. The present study used 14 controls, with 7 in each
intensity condition. Thus, the Field study included a greater
number of subjects.
Further, the present design produced a number of unantici-
pated results, such that collapsing sessions together served to
obscure habituation effects rather than provide more power to
detect the process. In particular, tonic vs. phasic HR responses had
a different course over trials. Phasic HR change followed a course
which looked like habituation, while tonic change followed a curvi-
linear pattern; but, this was true only for the 85-dB condition.
Phasic response to the 75-dB stimulus generally increased over trials
Thus collapsing over intensity in sessions 1 and 3 increased df, but
obscured these subtler interactions. Additionally, the sessions
effect seen in sessions 1 and 2 suggested that these two periods were
not really independent tests of habituation. Field's design was more
appropriate in that there were no carry-over effects from series to
series. Therefore, collapsing over testing series did not mix dif-
ferent trends. Her consideration of all stimulus series together pro-
vided greater power to detect habituation, which might not have been
statistically borne out in consideration of each separate stimulus
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condition. lt would be lnteresting t0 kno„ lf there _
to the rattle stWus by itself. The Utter would proviae data
more analogous to the present study.
Additionally, all stimuli in the Field study were admini-
intensity was presumably the same across trials, it is easy to vary
the strength of a Brazelton rattle or tactile filament without
being aware of doing so, particularly when one sees the infant's
reaction to the intrusion! The present study has ruled out such a
possibility by pre-recording the stimulus on tape. However, this
created a second difference. We cannot be absolutely certain that
the stimulus played from a recorder is not missing some of the
frequency bandwidths present with a "live" rattle. This factor may
be important with less intense stimuli, to which responsivity tends
to be more variable. Obviously there are trade-offs associated with
either approach.
A third explanation for the discrepancy might be length of
the inter-stimulus-interval (ISI). The present study used a fairly
long ISI, averaging 36 seconds, with a minimum of 33 seconds. The
Martinius study used an ISI of 10 seconds, while Field's ISI was
variable, with a minimum of 20 seconds. Several animal researchers
have suggested that two types of habituation can account for dif-
ferential response decrement patterns associated with the timing of
stimulus administration (Wagner, 1976; Whitlow, 1975; Davis, 1970).
Briefly, a decrement in responding is believed to occur when the
*tlBulu8 event is actl- ln sh°" '«» memory. Activation can be
brought about by external events, such as the stlmulug^ ^ ^
contextual cues in whose presence rh» ,t e stimulus is typically presented
or by autogenous retrieval fro. long term memory, stimuli presented
1= rapid sequence provide external activation, and habituation
to these events is believed to involve a short-te™ sensory
refractoriness. Stimuli spaced at longer intervals demand auto-
genous retrieval, and habituation In this condition is M re appro-
priately attributed to memory functioning. Such response decrements
tend to be sustained over time.
It is possible that the present procedure required the latter-
type of habituation, while previous studies with shorter ISI's and/or
more intense stimuli elicited the sensory-refractory type effect.
If so, our procedure required utilization of memory functions that
are not as yet functioning reliably (Papousek and Bernstein, 1969;
Sameroff, 1971). There is some support for this type of processing
going on in our sample with the carry-over effects seen across
sessions in the low-risk group and across days in the moderate-risk
subjects. Unfortunately, the current project did not include an
appropriate control group to test for the contextual cues effect,
or for tonic changes in responding associated with endogenous state
cycling. A group of infants who were brought to the laboratory for
the same sessions but who were not stimulated would provide appropri-
ate cardiac data with which the low-risk infant's responses could be
compared. Further study of sensory threshold, and of habituation
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paradigms which vary stimulus intensity and ISI are needed to
deterge if the differential types of habituation are available to
the human newborn, or if notions like prlming ln short.tera^
are appropriately applied to such an immature and yet complex
organism.
Group Differences
_in_Responding : Eleven Sens,
Threshold vs. Hypo-responsivitv
Given the hypo-responsive tendency, what can we infer about
sensory threshold in the high-risk group? The weak responding might
be the result of deficits in functioning at the sensory receptor
end or with the effector system controlling cardiac activity, or
both. High-risk babies did show significant reaction to our strong
dishabituation stimulus, but even in this condition, responding was
less than in either low-risk or moderate-risk groups. This would
imply that one cannot rule out effector involvement. Yet in two
of three group comparisons—i.e.
, sessions 1 and 3—high-risk infants
failed to show any cardiac response to either intensity level while
moderate-risk infants clearly responded to both stimulus series.
However, H-R infants did show increased activity and changes in color
at each of these series. Clearly the type of response shown by M-R
and H-R groups are different, but without use of auditory-evoked
potentials, or some other method for seeing into the perceptual
apparatus, it is impossible to determine if group differences are
caused at the input or output ends. This point should become more
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clear in the following section.
The present description of behavioral responding is somewhat
more comprehensive than previous reports by Rose et al (1976, 1980)
and by Field et al. (1979), and as such suggest on alternative
perspective on the high-risk infants' ability to respond to stimula-
tion. The past reports have for the most part described at-risk
prematures as hypo-responsive, presumably because of an elevated
sensory threshold. Our preterms' cardiac data, startle responses,
and the M-R groups' activity levels support this interpretation.
However, our most compromised group of preterms were quite active in
response to rattle presentations, and both preterm groups showed
frequent color changes. It would therefore seem erroneous to assume
that nothing was getting through to the high-risk infant. Rather it
would appear that they do indeed respond, but with global changes in
arousal that are brought under control with difficulty. The quality
of responding is diffuse, and tends to be somewhat delayed. Further,
it is difficult to know what short-term state changes have carried
over to the next trial, so that readiness to respond is always
vacillating. Thus to the moving, grunting infant the response to
stimulation may be to quiet down, while the quiescent infant responds
with activty, and change in color. The lack of coherence between
cardiac and behavioral activity, the changes in state and long latency
92
to recover homeostasis make it difficult to characterize the high-
risk infant as responding specifically to a given stimulus. As
experimenters, we are anticipating an S-R type of response, such as
a startle, but instead are eliciting changes on the whole system
The former type of response is subject to the process of habituation,
while the latter is better described by sensitization or change in
state, and does not undergo habituation (Thompson, et al.
,
1973).
Implications
The L-R group showed adaptive micro-changes in state when
stimulated by the louder intensity such that their responsivity
decreased. State changes shown by M-R babies were also adaptive
in that they too were more likely to shift to a less active state
than to become disrupted by the rattle. The H-R group showed an
inability to cope effectively with the stimulus. These infants
more often woke up and were unable to inhibit responding. One
begins to see how the severely compromised preterm is truly high-risk
in that his/her own CNS is unable to perform its normal protective
function. This is where the influence of the social and physical
environment becomes critical, for it becomes the role of the
caregiving environment to provide the protection from over-stimulation
that the infant cannot provide for him/herself.
The lack of habituation seen in M-R and H-R groups becomes
understandable with these state considerations. Habituation can
only occur to a stimulus-specific response association, which is
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separable from the whole organism (Thompson et al., 1973). m L_R
controls both HR and startle responses met this criteria. H-R
infants responded to stimulation with global changes in arousal,
as seen by color change and disruption of the sleep state. M-R
infants showed greater stimulus-specificity, as seen with cardiac
responding, but did not show much behaviorally that was stimulus-
specific. As risk increased, therefore, we saw an increasing
inability to demonstrate a coherent response to the stimulus. One
must have a stimulus-response association before one can begin con-
ditioning that association.
Accounting for the differences in the groups' reaction
tendencies is more difficult. Of particular interest is determining
whether the group differences reflect permanent CNS deficit, or are
a transient property of CNS processing.
Several possible explanations for the high-risk group's
hypo-responsive pattern exist: 1) CNS is damaged as a result of
oxygen deprivation and/or sepsis; 2) CNS growth is delayed in high-
risk infants as a result of illness and stress; 3) prolonged exposure
to the noise of the intensive care unit among high-risk infants has
effectively raised their sensory thresholds, and 4) the CNS acts
defensively and limits sensitivity to stimulation to protect the
organism from over-stimulation. This last hypothesis is suggested
by the difficulty high-risk subjects had in maintaining an active
sleep bout and in inhibiting reactions to stimulation.
Further research is necessary to critically evaluate these
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various alternatives, for example, a™lnation of the same
infanta in . short.term and ^^ ^^
at al. (1976) indicete that the dlfferences^^ ^ ^
least one month past ter. conceptual age. The third hypothesis could
be evaluated in the neonatal period by decreasing the recovering
infant's exposure to sound in the intend VP ™~n ensive care nursery. The fourth
explanation receives some support by the work of Emde and his
colleagues (Emde, McCartney, and Harmon, 1971; Emde and Robinson,
1976) who describe male neonates as entering a "defensive" state of
quiet sleep after circumcision. Presumably the infants are thereby
made impervious to external events. Such a protective mechanism
would insulate the fragile infant from external events, allowing
vital functions which control homeostasis, growth, and recovery to
proceed. Indeed the tonic changes in cardiac activity seen in low-
risk subjects to the more intense stimulus provide some support to
the protective mechanism hypothesis.
The fact that magnitude of reactivity within individual
low-risk infants was stable across time suggests that this may be an
enduring temperamental characteristic, one which plays a critical
role in the infant's interactions with the physical and social
world. Further corroboration of these reactivity data with other
measures of individual differences, using the Brazelton exam, for
example, may allow for more precise evaluation of the interaction of
stimulus strength, reactivity, and processing of information over
time. Without knowledge of the ranges of sensory responsiveness or
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of the 'consequences' of the stimulus to the infant, it is difficult
to evaluate the relative contribution of processes like habituation,
sensitization or protective defensive mechanisms. However, by
examining the preterm neonate in a comprehensive framework, with
consideration of state, cardiac and behavioral systems, one realizes
that we must borrow each of these concepts to explain various aspects
of the data. It is likely too that habituation is subject to the
larger course of maturation, and is less useful in describing the
young preterm infant, than are notions like sensitization and state
of arousal. Thus, early learning can be thought of as a subtle mix
of perceptual processing and endogenous state rhythms which interact
with facilitative and inhibitory functions, each influencing the
other differentially, depending upon the organism's maturational
level, metabolic stability, and individual propensity to react in
particular ways.
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APPENDIX P
Description of Suppressed REM Activity in Respond
to Stimulation Among Low-K i . I i , , i
. , ,
,
t
•
.
While observing many of thru, infants during the testing situa-
tion, the examiners were tapmnd by an apparent Lnhlbition «r rem ac-
tivity in reiponii to
.tittulation, while other signs, such as reiplrt-
tion, Indicated that the H„b|ect wan still in active, rather than quiet
Bleep. In addition to other behavioral h I gns , the criterion examiner
had recorded apparent in I c ro-changes It, Infants state, following the
descriptions offered by Thorium (I'J/'j). In her ntate ratings, Thoman
has described three sub-states ol active sleep: dense RKM, Intcrmit-
tant or occasional RKM, and period;; ol no RKM when breathing in si III
Irregular. The behavioral records will, the Thoman ratings were re
viewd, In ordei to find behavioral correlates ol the ionic shift in
MR responding. In session 1, U out ol / Infants receiving the H'> dli
stimulus showed a curvilinear pattern in (Mate, In which a shift from
the Infants' original slate Into a micro-state witli less R KM was
seen. Add I I I ona 1 I y > all A Infants demons t r n I ed a • , 1 1 i I i l>a c l< to I he 1
1
original 01 a more active state prJoi to Lrial 10. Throe onl ol the
/ Infant s in I he same cond I t Ion demons! rat ed no change In t he i r REM
p/ittern over the ficfislon. Of the / Infants In the / rj-<IIJ condition, '}
Infants showed a ^one rn 1 1 nh I h I t I on ol RKM activity, wli i c h r rm.i in<-<l
I ow for the d u r at ion o I the session, while ) ot he i ha It 1 1 -s I ncreaHed
I I I
112
their REM activity, with one infant showing no change. None of the
infants in the 75-dB condition demonstrated the cnrvilinear pattern
seen with the louder intend t-v tk qensity. The curvilinear pattern was not re-
peated on session 2, for either intensity series in this group.
Examination of comparable state ratings made for the M-R and
H-R groups failed to reveal any systematic change in REM activity,
for either intensity condition.
Although these behavioral data must be viewed as tentative,
they do suggest that micro-state changes did occur, and that such
changes may have come about in response to stimulation, possibily al-
lowing the infant to cope more effectively with a disruptive intrusion
from the environment. Unfortunately the study did not include a
group of control infants monitored for spontaneous change in cardiac
activity and behavioral state while in the same laboratory setting.
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APPENDIX H
Analvs i of Variance Comparing Base Level Heart Rate inModerate- Risk and High-Risk Infants
Source of
Variance df 1 1o F P
Seconds 5,135 29/10 2.79
.020
Groun 1,27 1671/1687
.99
.329
Sec x Group ^. IOC 5/10
.51
.768
Sec (linear)
x Group 1,27 0/31 0
.957
Sec (quadratic)
x Group 1,27 21/10 1.97 .172
Note. For this analysis Seconds (6) was treated as a repeated
Measure, with risk Group (2) serving as the between-subjects
variable
.


